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(57) Abstract 

An apparatus and method for automatic recognition of concealed objects and features thereof, such as contraband in baggage or 
defects in articles of manufacture, is disclosed. The apparatus uses multiple energy x-ray scanning to identify targets with a spectral 
response corresponding to a known response of targets of interest. Detection sensitivity for both automatic detection and manual inspection 
are improved through the multiple-energy, multispectral technique. Multichannel processing is used to achieve high throughput capability. 
Target identification may be verified through further analysis of such attributes as shape, texture, and context of the scan data. The apparatus 
may use a statistical analysis to predict the confidence level of a particular target identification. A radiograph, CT image, or both may be 
reconstructed and displayed on a computer monitor for visual analysis by an operator. Finally, the apparatus may receive and store input 
from the operator for use in subsequent target identification. 
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APPARATUS AND METHOD FOR AUTOMATIC RECOGNITION OF 
CONCEALED OBJECTS USING MULTIPLE ENERGY COMPUTED TOMOGRAPHY 

GOVERNMENT INTEREST 
The invention described herein may be manufactured, used and licensed by or for the 
government for governmental purposes. 

BRIEF DESCRIPTION OF THE INVENTION 
The present invention relates generally to the field of nondestructive inspection. More 
particularly, the present invention relates to an apparatus and method for detecting concealed 
objects and features thereof, such as contraband in baggage or defects in articles of manufacture, 
using multiple energy computed tomography. 

BACKGROUND OF THE INVENTION 

Conventional x-iay scanning is used in a number of fields to detect objects or features not 
visible to the human eye. For example, in the medical and dental fields, x-ray systems are used to 
detect features of interest in rendering a clinical diagnosis, such as a fractured bone or a cavity In 
the manufacturing industry, x-ray systems are used similarly to inspect parts for defects 
Fractures or voids below the surface of a weld, for example, can be detected from an x-ray 
image, thus avoiding possible failure of the part should it be used in its defective condition X- 
ray systems are also used in airports and other public facilities to inspect containers for weapons 
explosives, and other contraband. ' 

In each of the foregoing applications, the x-ray system is merely an imaging device 
without the capability of automatic identification of targets. These systems produce a gray scale 
image, representing the total x-ray energy absorbed by all objects between the x-ray source and 
the image plane: the more energy absorbed, the darker the corresponding spot on the image 
Using this projection method, the resulting images or radiographs are often difficult to interpret 
because objects are superimposed. Data obtained from x-ray images are generally unsuitable for 
automauc detection because of the complexity involved in resolving superimposed objects A 
•nuned operator must carefully study and interpret each image to render an opiruon on whether or 
not a target of interest is present. Where an application requires a large number of radiographs to 
be interpreted, operator fatigue and distraction can compromise detection capability 

X-ray Computed Tomography (CT) is a technique that produces an image of a cross 
sectional slice of an object from a series of attenuation measurements taken at various angles 
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(g) to provide a continuous learning capability for improving target identification with 
system use. 1 

Ttee and other objectives are achieved by an apparatus and method for automatic 
recognmon of concealed objects. The apparatus uses multiple energy x-ray scanning to identify 
urgets wtth a spectral response corresponding to a known response of ta^ets of interns. 
Detection sensitivity for both automatic detection and manna, inspection am improved through 
the mttinple-energy, muluspeetral technique. Multichannel pro^g is ^ „ ^ 6 
throughput capabthty. Targe, identification may be verified thmugh further analysis of such 
annbutes as shape, texntre, and come* of the scan dam. The appamus may use a statistical 
analysts ,„ P red, c , „ e confidence .eve, of a particular urge, identification. A radiograph 
■mage, or bom may be reconanxttd and displayed on a eompu,er monitor for vi J„ ££L bv 
an operator. Finafiy, me apparatits may receive and aore input hm ^ operate""! 
subsequent target identification. ^riorusein 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of the individual hardware components of the present 
invention, with their logical connections. 

baggage^ln" "~ * 

FIG. 4 is a schematic representation of ano,her embodiment of the present invent!™ 
inspection of manufactured pans. invention for 

FIO. 5 is a flow char, depicting the major steps in casing ou, tine present invention. 
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FIG. 7 is an illusion depicting the use of multispecmd dam ,„ produce an etrtanced 
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Each a. ta. , 6-19 ,s comp„*d of x- ray photon* „f vaiying enerey leve|s " * 

energy b»d Source any , is positioned opposite » and sep*a=d ft™ detector Jy2 «, fonn 
a space within which object 21 may be scanned. ecror array 2 lo form 

Detector anay 2 is also L-shaped inlhis particular embodiment and is comprised of 
rndtvrdua. de««or Cements 20, which are arranged at regularly spaced intervals IlL 

da* actpnssn™ cimui, 3. The resulting voltage sign* k , 0 ^ J^^'l 

photon absorbed by detecfion element 20 after tmvefing along me beam pad, Zso^e ™ , 

amty 2 where the photon was absorbed can be determined and correlated to me concsootlT 
energy measurement. The spatial resolution of the resulting x-ray scan dan. U*IZ?^ . 

2* ~ ^ 2 !»*■ "tformaUon asTwhTa 

llr 3 as ^ 1^ 2 "* ' large number of dau a^uisil 

cnctuts 3. as d scnbed below. ,„ capture and process the tesulting data. Thus, an ana.™ of the 
^ spaual resomaon versus component cos, should be made to determine £ 
and spacing of detector elements 20 along amy 2. punwistze 

si™K ft T a ""' iSW0 " ^ 3 i$ Pr ° Vided fOT ra l" d of the voltage 

agnab fr om derecor elemems 20. Each channel of circuit 3 is elecnically coupled to one 

derecor element 20 and is comprised of a detection processor I , and a series of ZZ ors , 

»d counters .0 Detection processor 1 1 provides a separate vohage threshoh. signaT^cn 

compara.or30.34 for comparison with the voltage signal from detector element 20 A Ire 

ftu.y descr.bed below, da, actp.isi.ion circuit 3 fotnts spectra, attenuation d^ 

number of photons absorbed by each detector element 20 versus the energy lev , ofU^ah K H 

Photons ftnm 0.. analog voltage sign* provided by detection elemeS Zl ^ ^ 

attention da* are provided to processor 4 a, specified inters for further procelT 

da- „ **" " " r " mm Parallel ^""8 capability. Each chamre, „f 

d^„„„ ctcni, 3 is electrica.1, cou pl ed ,„ pressor 4 for inpul of ^ 

da* Processor 4, usmg CT reckon algorithms, reconstnacts from 0,e spectral anZnon 
£ omograp ic image of me cross-seciona, slice of object 20 which was LJT^T 
the data. A p,x=l ,n a tomographic image of a cross-sectional slice is called a voxel beca J i, 
represents notorial in a volume element whose dimensions are those of the pixel I^T 
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thickness of the slice. The raw x-ray image data are also preserved by processor 4 for subsequent 
d,s P la y using interface 7. In the present invention, the CT reconstruction algorithm is applied to 
each of the five measured attenuation data sets resulting in multiple-energy CT data. As more 
fiilly described below, these data are used to enhance the signal-to-noise ratio of the CT image 
data. The resulting CT image data are then matched with the data from file server 5 which 
represents known targets of interest Objects or features of interest that are concealed within 
object space 21 are thus automatically identified. Selected tomographic images and raw data are 
also stored on file server 5 for later reference. 

Tagging system 8 is provided in this particular embodiment for applying an identification 
tag to object 21 in response to a signal from controller 6 when a positive target identification is 
made by the apparatus. A defective part or baggage that contains contraband is thus tagged for 
subsequent human attention. In an alternative embodiment, an automatic sorting and materials 
handling system may be used to automatically separate defective parts from nondefective parts 

User interface 7 is provided to display enhanced x-ray and CT image data for human 
viewing and to receive input from a human operator. Interface 7 is electrically coupled to 
controller 6 for sending and receiving data. Interface 7 also is used to download selected images 
from file server 5 for display to the human operator. X-ray and CT images may be enhanced by 
for example, using different colors to represent different groups of attenuation spectra and a ' 
unique color for targets of interest. In the preferred embodiment, interface 7 is a large high- 
resoluuon color touchscreen for ease of viewing and input operation. 

Having provided a general overview of the major components, attention is now turned to 
a more detailed operational description. Depending upon the particular application, a conveyor 
belt or other means is provided to move object 21 forward through the space defined by source 
array 1 and detector array 2 for scanning. As object 21 is moved forward, each of the x-ray 
sources 12-15 is activated in sequence by controller 6 such that only one x-ray beam 16-19 is 
produced at any one instant. The path of a particular photon that caused a voltage signal to be 
emitted from a detector element 20 can thus be determined from the known position of source 
12-15 from which it was emitted and the known position of the detector element 20 at which its 
energy level was measured. 

By way of example, x-ray source 12 is activated first, emitting a continuum of energy 
photons of known spectral content up to some known energy level to form a fan beam 16 part of 
which passes through site 22 in object 21. As each photon is absorbed by detector element 20 a 
voltage signal in proportion to the energy level of the photon is provided to circuit 3 by the ' 
detector element. The voltage signal is provided as a first input signal to each of the five 
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compactors 30.34. Each compare, 30-34 receives . second input siena , from 

,r?M ' f ™ ° >M °" i W, » S <- «" *» in P" TOl «ee from elemmd 20 exceeds the 
threshold voltage from cooler U,a counter 35-39 is incremented by one mjL F „ J™ 

when dm inpm votage of comparator 30 exceeds the threshold voltage from contmlte 1 1 ' 
counter 35 ,s incremented by one unit. Comparaors 30-34 and counters 35-39 faction into 
same tnannec ,. conn, the number of times , threshold voltage is exceeded. In .his mannert 
M coun,tncoumer35 accumulated while souree 12 is active represents the taJ^T 
*"^« » intense of muldple speeds, ranges 1 thus 

^med by senmg me voltage Ihresholds of comparators 30-34 a, different levels After ablf 
ponod of „me, x-ray source .2 is deactivated by compter 6, me contents of counters 35-39 am 

6 vtadececuonconrrolterll.X-my source ,3 *^~^*<^TLZZZ£ 
d^acomstuon^p^g^^^^^ J~ 

*>uree .4. and finally, source .5. Double buffedng is employed be^Jcoun^ ,J£ZZ 
6 for greater thmughput. m counter dau am sen. ,o processor 4 for ^ ^ 
each of .he x-ray sources was activated Is sufficient ,„ calculare one sc. of .omograX 

The use of a pamllel dau, acouisition circuit 3 for each derecror elemm,, 20 increase 
proceastng speed of meappara^soasto limittheamoun. of rime needed to J^Zn 
and collec, rhe resulting atenuafion dam. ,„ mis way, objec, 2! may be moved condl^ 
through the appamtua dunng scanning operations while still providing sufficient dam for 
automatm targe, identificadon. Parallel data ac,uisiuon is made practical duough useof 
Apphcalton Specific Integmted Chips (ASIC) for circuit 3. Dam ac,uisi,io„ circuit 3 aUo 
provides for field adjustmenl of the selected energy ranges. 

An alternative energy resolving method would be to send rhe photon signal to an analoe 
C0nverter G^C) followed by digital binning. For a limited number of bins the firs* 
embodrmen, ,s fasmr. cheaper. m d pmferred because digira, processing is avoided L en^y 
d,s_on ts done in me analog mode. If the number of bins wre incrcased „ ™^ 
hundred, then multiple ADCs would be more praedcal. 

Asfm ^'«^«>roughoyect21. S omeof,hepho.onsofl^ 16ar e ab „ rbed 
by me matenal a, aim 22 whhin object space 2, , some photons pass through unaZdtT 
-ne photons are scaled showing up as lower energy photons. In dm, dm path o^ d 
^^otonsts unknown, meyareasoum. of noise. A collimator placed in fronL decent 
2 ecreases the portion of scattered photon impinging the detector element. The nlber of 
Photons absotbed compared to me number of turaffected photon, that is the atTuZ^ x- 



6 



10 



15 



20 



25 



30 



WO 97/18462 PCTYUS96/18200 

rays, is a function of the energy of the photons and the type of material at site 22 through which 
U passed In general, the number of photons of any energy range impinging on detector element 
20 will be less after passing through the material of object 21 than would have been if no 
matenal were present. In as much as the proportional decrease in number of photons of different 
energy is a function of the chemical composition of the material, the ratios representing the 
proportional decrease can be used to characterize the material. By using sources 12-15 having a 
contmuum of energy, and capturing the resulting multi-energy spectrum after the photons have 
traveled through object 2 1 , and comparing that passing through material at site 22 to that which 
would be captured with no material present at site 22, additional data are provided about the 
chemical composition of object 21 over systems that use a single- or dual-energy technique 
Used m conjunction with other image processing means, such as described below this 
mulnspectral data provides for greater discernment of contraband in baggage, defects in articles 
of manufacture, and similar applications. 

Pressor 4 is used to separate the counter values by spectral range and to calculate a 
tomographic image for each spectral range. Attenuation of the x-rays by the material at site 22 is 
contamed m the data acquired from those detector elements which acquired x-rays passing 
through sue 22. Tomographic reconstruction of the voxel at site 22 is performed by appropriate 
mathemancal combination of the data. For the geometric configuration of the x-ray sole and 
x-ray detector of figure 1 the algebraic reconstruction technique is most appropriate for 
calculatmg the tomographic image. For other geometries other reconstruction techniques may be 
more appropriate. Since the differing spectra, data were acquired by the same detector elements 
20 at the same ume, Ore voxels in the respective spectrally differing tomographic images are also 
omcident. The set of values for the five spectral ranges for any one voxel site 22 is endemic of 
the actual spectral attenuation occurring at that voxel and can be used for characterizing the 
matenal at the voxeI ^ For object 21 in ^ ^ 

by detector elements 20, the scan is helical and the tomographic reconstruction is a type of 
hehcal tomographic reconstruction. Processor 4 after calculating the values stores lvalues 
onto file server 5 for later reference. 

storeH 'T"* * ^ ^ *** " "* ^ * *« ° f Various target values 

tore on file servers. From the comparison a coded image is constructed which exempfifie 

eTc^ 

effect of certain artifacts ,n the reconstructed image can be reduced by calculating a new set of 
•mages from the difference in the values of the respective voxels in the respective ZIT 
•mage, , n that case the difference images are fit to target values instead of the speLlTrnages 
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themselves «, consmrc, a coded image which exemplifies voxel-by-voxel me most probable 
materia and me de gree of pro.*,i,y. lessor 4 performs an aoalvsis on meTod^es 
by lookmg or groupings of neighboring voxels whose composirion is neariy me same. ZL, 
4 eompares me groupmg size and shape ,o ma, of rhe pmbable mare™. ,„ ^ mi 'Z 
■denufy me objec Processor 4 may be used ,o perform omer analyses m me^Zl. 
umque palters which a« lo»wn ,o urereas. me probabili,, of recognizing object. 
^^ounerwomredandaspauaif^yc^^,^ . ^J 1 "*" 
exampte our be wavde, Conned u> enjrance finding objec, shapes. Characrerisdca such as 
3-dtmenstond nun***, gamMt y or textere can be measured. These and omer Zl 
processing techniques are „.„ known in ,he an and may he priced with me present invention 
for cenam applications. The final result of mis data analysis can be aid*, ,7 - T 

v^^aa a- , • . ^»«-»ng mis problem. A gross calibration factor can 

he added ■„ real-hme „ d* overall system using proCMSOr 6 „ ^ ^ m ^ of 

«». h fa way a genem! calibrarion correcfion is applied «, al, of me detector elere^ 
The calibration dnft problem is also reduced in the present invention through the use ofreladve 
^"vaiue^wh.chrerve.oincre^^ 

Tagging system 8 is used in one embodiment to automatically tag a container or nan 
when a positive idendficauon is made. An alternative embodiment con. Lu^ZZoZio 
sorung and notarial handhng system in p,ace of tagging ^ g. Vxr ^ " ~ 
hod .display the results for human viewing and to receive input from „e operator ,1", 
cahbratmn of me system can he achieved using interface 7 to input the conect re^„" L scan 

ZZ C0Men, ' * " h ^ for mai ° mm n-~.S. 

system 5T""" " if™ - " Se,f - |eami,,g ~ * «• «* 

system. Objects 2 1 of known material and idendficadon are scanned by the svsten, Tt. . 

mperfotmiugits feamre discerning operations wi„ f lnd voxels of ^^"el^ 

mo shapes, calculate parameters characterizing shape, size, and texture even thctj TmeneT 

^ec, oes no, cotrelate ,o any known object. The operator groups the *«j£Z 

-d tel, the system ,„ add .henew se, of parameters ,o its fa ofkmm objem £™ 

now wludeS d,enew„bjee,i„i B ma,chingforau,oma,icdetec,ion 
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Having provided a general overview of the present invention, attention is turned to a 
more detailed description of suitable physical components for certain applications. FIG. 2 is a 
schematic representation of one embodiment of the invention as developed to meet the specific 
needs of a particular baggage inspection application. In this application, baggage throughput as 
well as system cost and size are major concerns. The system must function at normal baggage 
handling rates (up to 2 feet per second), fit in a limited space, and must be compatible with 
existing baggage handling equipment. This is accomplished with the apparatus illustrated in FIG 
2. An array of x-ray sources 40 and photon energy absorbing detectors 41 are arranged in a 
vertical plane between the ends of two conveyor belts such that a bag moving from one belt to 
the other will come between the x-ray source array 40 and detector array 4 1 . The spacing of 
sources and detectors provide multiple beam paths, which allow for computed tomography with 
no moving parts within the apparatus. Conventional CT systems move the x-ray source the 
detector array, or both to achieve similar results. Although other arrangements can be tised the 
square geometry of the source and detector arrays provides sufficient room for baggage to pass 
through, while minimizing space requirements for the apparatus. Linear and relatively short 
components allow for a modular design that can be adapted to various geometries. The arrays 40 
and 41 are located at a gap in the conveyor system to reduce signal interference from the 
, conveyor hardware. Finally, the system may be designed such that it can be scaled geometrically 
in size and resolution while still employing the same mathematical analysis and using the same 
basic components. In this way, systems can be easily customized for a particular application 
without a huge design effort. 

FIG. 3 is a schematic representation of another embodiment of the source and detector 
elements suitable for an application where the size of the apparatus is not a major concern In this 
embodiment, the source array 52 and detector array 50 are configured as two concentric rings of 
equal d,ameter with the counterpoint of one array offset longitudinally a short distance from the 
counterpoint of the other. The distance between source array 52 and detector array 50 is 
exaggerated in FIG. 3 to illustrate the configuration of each ring. This geometry has the 
ad vantage of broader coverage for each source in comparison with the first embodiment of FIG 
2 because of the larger distance between source and object. Also, the scan space is evenly 
covered by x-ray beams in this embodiment because of its symmetry. The major disadvantage of 
this embodiment is that it occupies more space than the L-shaped arrays of FIG 2 It also lacks 
the modular design of the first embodiment, however, a circular array could be approximated 
with a senes of linear arrays to form a polygonal shape. In this way, a modular design can be 
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achieved ft* api ,,oxima,ed te circu|ar ^ rf ^ , ^ ^ 



In oft., apphcations, particularly the manufacmring am, ft. object «o be seamed may be 
untfonn ■» stape, composUon, „, both. TnK tomography may be repla ced wift pseX ? 
tomograph, .by employing^** b^ge of manuftaured component geome,™ 
poamon. and ma,enal composition-as conanaims m ft. reconstruct In such sir ^ 
raduced sysKm cos, and fasKrcomputofiona. speed can be achieved ustag a souZZocmr 
cmbodtmentas iiiuan^ed in F!0. 4. „e«. „„, ^ «, „ „ J^^oT' 

3. .he .edmmues of ft. presen, i„ve„, ion m Md ^ ^ * ™- ' 

""""8 •" ov > d « l » »v«vi=w of suirawe harfwara elements to be used in accordance 
with the present invention, attention presently turns to the accordance 
hard^T.™™ .„■>,,-. < . _ presaiu )' 10 processutg steps to be executed on the 



scooned. The e^ tev el of fte photons after travehng along ft ZZ Z Z . 
s«P 82. ■„ step g 3 specna. da. are formed ftom fte m «2 ^evt ta 
number of photons wiftin a certain energy range absorbed bv el^f , . , 8 

amvared. ,f „„,, ^ ^ , 8 js perf^ l0 incrcment ^ soura 

81 If all sources have been acavaled, «hen process sftp 85 is performed to analyze fcZ^T 

data. Inthtsway.stepsSl-gSarentpeatedforeachx-raysouree ^ 

Tlte results from the above steps are used to form and analyze multisoec^t cta. ■ 
step 85 as discussed ftdly below. These data are fte, compared JZ ^Z£LZ£ " 
«rge B of inures, in aep 86 to determine if „„ e or more ^ of inte ZZ^Tf , 
appropriate message is disp,ayed i„ step 89 a.o„g wift an Inced TyTSe oT " 
operator vewing. If one or more targets are identified in steo 8* ,h.„ * H 
aoned in step , 7 ^ m enhanced^ * di X.d 

FIG 6 I^TT T T"° i< " 3 " i ' V ° f inKrea « »— " 8rea,er detai. in 
HO 6. A CTalgonftm ts applied to each of ft. spectra, dau, re* i„ SIeps l0I L,l „ 

mutaspecmu anenuation dau, for each voxel comprising fte objee, space Cal bTon , 
dnft tha, o^nrs over nm.. This s ,. p may be ^ ^ „ ^ 
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depending on the level of real-time calibration required for the particular application Use of a 
standard in the field of view generally requires the calibration correction be applied after CT 
reconstruction in order to determine the proper correction values. The fixed variation among 
detector elements resulting from imperfections in the manufacturing process on the other hand 
can be corrected before CT reconstruction by applying a correction directly to the signal output 
of each detector element. 

After CT reconstruction and calibration correction, one spectral image is combined with 
another m step 103 to obtain relative attenuation data. This operation improves the signal-to- 
noise ratio of the resulting data. A matched filter is applied to the resulting data sets in step 104 
to determine the statistical likelihood or probability of a match to targets of interest on a voxel 
by-voxel basis. These data may be represented by the probability that a particular voxel contains 
a part.cular material determined by comparing the measured attenuation data with attenuation 
data previously measured for targets of interest. Because this comparison is made for each of 
several targets, each voxel may have several possible matches with varying levels of probability 

In step 105 contiguous or near contiguous voxels with similar matches are linked for 
further analysis beyond the voxel-by-voxel comparison of step 104. Shape, size, texture and 
other characteristics of the data obtained from step 1 05 are matched to similar data representine 
targets of interest in step 106 to provide greater target discernment. In this way, the confidence 
level of a match is increased through the use of, for example, known shape, size, and texture 
qualities of the items to be identified. 

In step 108 the relative attenuation data from step 103 is fused or combined to form a 
single tmage for operator viewing. This image is enhanced in step 109 with information from the 
analysis of steps 104-106. For example, highly correlated voxels can be illustrated in the image 
with a common color or texture to assist in operator viewing of the information. The results of 
the above analysis are displayed as a text message in step 107 and as an enhanced graphic image 
in step 1 10, which may be performed simultaneously on the same user interface screen 

Turning to FIG. 7, the processing of multispectral data to form an enhanced image with a 
greater s>gnal-to-noise ratio is illustrated. Images 71-74 correspond to the five energy ranges 
discussed above. The images 70-74 contain three objects represented by a circle, rectangle and 
mangle and an artifact represented by a line. While the line appears uniformly in all five images 
70-74, the other three objects appear with varying intensities. This simulates a key difference 
between actual objects in the scanned image and artifacts caused by the finite number of detector 
elements, the finite number of sources, defective detector elements, and similar limitations of the 
apparatus and processing methods. In many cases, the attenuation values of actual objects within 
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to scan space will vary with iafcnsi,, ievcl ofAe x-my sou™ while to a«ifcc, will have an 

■mages 70-74 s,mulate the variation of anenutuion tot differon, ^.ttriala can have with vtuvino 
x-ray sou™ in^sirics. Thus, the cirote is best msolved at to energy lcve " Z7 

The fusing process in the present invention is used to both eliminate to artifact 
represented by to line in images 70-74 and ,„ produce a single enhanced imaged includes 
a dear ptcrure of aU throe objects. The first step in this fusing process is JZ£ To to 
-ages, say 7,. from to otor four images 72-74 .„ eliminate artifacts m ^ 
Because to artifacts, as represented here by the line, do no, vary in intenshv ZT 
-tor. ana differencing tech^ue .ffecUvely ehmin^s JZZ^£l5Z 

colors numerical values, or other distinguishing pities assigJd.o id^dfy toTb^s Since 

tomuhtspecuo.damaroco.lectede.ecu.mca.lybytodauacqu^ 

process ts periWd numerically in to present invention. The fmal image 75 l^y be ut "to 

dtsplay results to an opemtor and for subse,uen, processing, including L. Z el « „, 

other techniques of image data analysis. ^ 

Fin, ■t, AnUn " Kr ° f adVffl " ages of tlK ™™»ion are evident from to above description 
wioTo '" " PI ° * I " ems "* a R BI WK lor automatic detection of conceal^btos 
wtm or «tbou. opemror involve Small quantities or features of a urge, of interoT 
obie"^rt W ^^ 1 ' n m °kjec ma y f* detected. The invention provides for high throughput of 
° ecsd^g scanning opemtions without compromising detection capabmty crlul 

mage, CT tmage, or both am provided for operator viewing. Statistically ha«d confidetjfevels 
for .arge, tdenUftcation may be usod based upon to data stored within to system Zi a 
conunuous learning capabiiity is provided for improving target ideation with's^em use 
The forogomg description of OTl)0<iiments of invemicLve been' 

to luntt to >nve„„„„ , 0 te pKcise (oms disd ^ ^ ™ 

vanarions aro possible in Ugh. of to above things. For example, to nit a xemen, 

~t U are no, a facto, to sources can be moved away from to detectors resuhing g«L 
coverage per souroe ,h„s reducing to number of sources required. Also, to number and 
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sophistication of data processing steps can vary greatly depending on the target identification 
resolution needed for a particular application. CT processing, for example, may be unnecessary 
where objects in the scan plane are relatively thin and homogeneous. The same holds true for 
shape. s,ze, and texture analysis: in some applications a voxel-by-voxel comparison will provide 
sufficient discernment capability, in other applications shape, size, or texture analysis may be 
required to meet target identification requirements. 

Tire embodittrents illustrated and described above were thus chosen to best explain the 
pnnctp.es of the invention and its prectical application, thereby enabling others skiUed in the an 
to bes, uuhze .he mvemton and various embodiments with various modifications as are suited .„ 
the pantcular use contemplared. It is intended tha, the scope of the invention be deftned by the 
fol lowing Claims and their equivalents. 



13 



WO 97/18462 

PCT/US96/18200 

I claim: 

co m pJ^ Wf0 ' to " ,ine ^ 0fi °^ C0 ^^»^jec,,said™ 

an x-ray source for producing a beam of photon, having an energy withi „ , _ 

band, said beam directed towards said object; -urn wiuun a set 

a photon energy absorbing detector array posidoned opposite aid ™ . 

° f ^ — *• - H >. pad. and th^L^ 

•^^onctatd.^ponsiv.toadd deteoor for forming atiemiationUc.ra.daa 
from said photon energy measurements; and spectral data 

^ d ^^«»^»3 i d«« mi ^^ dmtoi ^^ rf .^ w ^ 

romogr^y" ^ * * " """" 21 '*-* - — *-N- compute 

4. An ^apparatus « recited in elaim 3 , ^ 
application of calibration coefficients. runner includes the 

5 A„ appamrus as recited in claim 3, wherein said analysis means further includes a 
mathematical operation to form relative attenuation data. 

^^'I^^M^mcUdrnJ,^,.^,,,,,^ 

anennaL^rr^ ^ " ^ ' — * "- 

8. An apparatus as recited in claim 6, wherein said analysis means further ,„,. a u 
hnking and analysis of voxels having similar attenuation values ^ 

9. An apparatus as recited in claim 2, wherein said x-ray source i«a n i u * 
comprised of a plurality of individual x-ray source, L * Ped ^ 

10. An apparatus as recited in claim 2, wherein said detector is an L-shaneH 
comprisedofapluralityofindividualx-raydetectorelements. ^ * 

1 1 . An apparatus as recited in claim 2, wherein said x-ray source is a circular a™ 
comprised of a plurality of individual x-ray sources. * 
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12. An apparatus as recited in claim 2, wherein said detector is a circular array comprised 
of a plurality of individual x-ray detector elements. 

13. An apparatus as recited in claim 2, wherein said x-ray source is composed of a set of 
linear arrays, said linear arrays comprised of a plurality of individual x-ray sources. 

14. An apparatus as recited in claim 2, wherein said detector is composed of a set of 
linear arrays, said linear arrays comprised of a plurality of individual x-ray detector elements. 

15. An apparatus as recited in claim 8, including a means for teaching the system a new 
set of parameters to be used in subsequent target identification. 

16. A method of detecting targets of interest concealed within an object, said method 
comprising the steps of: 

generating a beam of photons having an energy spectrum within a set band, said beam 
directed towards said object; 

measuring the energy level of said photons after traveling along said beam path and 
through said object; 

forming attenuation spectral data from said photon energy measurements; and 
analyzing said attenuation spectral data to identify target data within said'object. 

17. The method of claim 16, wherein said analysis step includes computed tomography. 

18. The method of claim 16, wherein said analysis step includes the application of 
calibration coefficients. 

19. The method of claim 16, wherein said analysis step includes mathematically 
combining one attenuation data set with another attenuation data set to form relative attenuation 
data. 

20. The method of claim 16, wherein said analysis step includes the application of a 
matched filter. 

21 . The method of claim 20, wherein said analysis step further includes the linking and 
analysis of voxels having similar attenuation data. 

22. The method of claim 19, further comprising the step of fusing said relative 
attenuation data to create an enhanced image for display. 

23. The method of claim 22, wherein said enhanced image includes a unique display of 
identified targets to aid operator viewing. 

24. The method of claim 21, further comprising the step of teaching the system a new set 
of parameters to be used by the system to identify new objects. 
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